Abstract. This study focuses on the optimisation of the injection moulding parameters to maximise the strength ofmoulded parts using a simulation software. The moulded parts were injected with AcrylonitrileButadiene-Styrene (ABS) whereas mould temperature, melt temperature, packing pressure and packing time were selected as variable process parameters. The polynomial model obtained using Design of Experiment (DOE) was integrated with the Response Surface Methodology (RSM) and Centre Composite Design (CCD). The RSM was supported with Genetic Algorithm (GA) to anticipate the optimum value of processing parameters with the highest strength. It was found that strength of the parts can be improved 2.2% using the methodology reported herein.
Introduction
Injection moulding is among the most important polymer processing methods to produce plastic parts [1] . There are several defects on moulded part that normally appear during the injection moulding process is taking place. Among the defects are warpage, shrinkage, and weld line which influence the cosmetic quality on the surface as well as on the strength of the part. Processing parameters such as melt temperature, mould temperature, packing pressure and packing time are the main factors affecting the quality of the plastic parts produced by the injection moulding process [2] [3] [4] [5] [6] [7] .
Based on literature reviews (which will be discussed below), many researches have studied to improve the warpage and shrinkage by utilising Genetic Algorithm optimisation method. Park and Nguyen [8] investigated the car fender-based moulded with materials fiber-reinforced plastic, Noryl GTX810 in injection moulding process. Response Surface Methodology and Non Dominated Sorting Genetic Algorithm II (NGSA II), the multiobject optimisation method was used to find optimal values of clamping force and warpage defect. The value of clamping force was reduced 10.7% (from 4291 tonne to 3831 tonne) and warpage value was reduced also 10.7% (from 3.577 mm to 3.194 mm). The results showed that the proposed method can be applied to optimise the processing parameters in solving the trade-off between consumption of energy (clamping force) and the quality of the product (warpage) produced.
Moreover, Kurtaran et al. [9] investigated on minimisation of warpage by optimising the processing parameters in injection moulding processes. A bus ceiling lamp base moulded by Acrylonitrile-Butadiene-Styrene (ABS) was used as a case study. Finite Element (FE) model of the lamp base was performed using a commercial software MoldFlow based on hybrid finite element. The injection time of 4.74 s, injection pressure of 15 MPa, packing pressure of 60 MPa, packing time 8 s and cooling time are 15 s were set during analysis. The result showed that, the warpage of the bus ceiling lamp base was reduced to 46.5% after optimisation using Genetic Algorithm (GA).
Furthermore, Yoshiko et al. [10] investigated on improvement of mechanical properties moulded by green-composites based on Polylactic Acid TE-8000 (PLA) with jute fibers. A tensile test was conducted using a universal testing machine (Autograph AG-1, Shimadzu Co.) based on the Japanese Industrial Standard (JIS) K71. It was found that, the strength of PLA reduced from 49.8 MPa to 28 MPa, but impact strength had increased more than 60% with the addition of the 50 % of jute fiber.
Another investigation was made by Chen and Kurniawan [11] who optimised the processing parameters of multiple quality characteristics in the plastic part through two stage optimisation system. In the first stage optimisation, S/N ratio and GA were used to reduce the variance of quality characteristic. In the second stage optimisation, the S/N ratio with hybrid PSO-GA were used to find an optimal setting of processing parameter for quality characteristic and stability of the process. The specimens were moulded using Victor Taichung VS-80 injection moulding machine. The Mitutoyo digital slide caliper and a NV300T laser measurement machine were used to measure the length and warpage on the moulded parts. The processing parameters such as melt temperature, injection velocity, packing pressure, packing time and cooling time were selected as variable parameters. As a result, the proposed optimisation system successfully found that the optimal parameters setting to obtain the dimensions as per designed and reducing warpage 48.5% (from 0.198 mm to 0.096 mm).
GA solves the optimisation problem by using simulating the biological evolution process, Darwin's theory of survival of the fittest [14] . The solution starts with a set of potential solution that refers as population or chromosomes. Chromosomes are in the form of bit strings and are generated randomly. The chromosomes evolve during a several generations and the generation correspond to the optimisation iteration. New generation has generated by using the mutation and crossover technique. The crossover involves splitting two chromosomes and then combining one-half of each chromosome with the other pair and mutation involves flipping a single bit of a chromosome. The chromosome has evaluated using a certain fitness criteria. This process in GA was repeated until the best fitness of chromosome had been chosen. In this study, the population size of 50, crossover rate of 1.0, mutation rate of 0.1, bit number for 4 variables of 19 except for packing time is 17 and the numbers of generations of 100 are employed. Therefore the practises of trial and error method can be reduced in order to find an optimal setting of processing parameters. At the same time the material and labour cost and time were used for mould testing to obtain the mechanical strength required by the customers can be reduced.
In this study, an experimental work was conducted to determine and to assist the injection moulding industries in order to gain an optimal setting of processing parameters with the highest strength of the moulded parts. In the beginning, Response Surface Methodology (RSM) was used to obtain the metahematical model. RSM is an empirical modelling approach used to determine the relationship between various processing parameters and responses with the various desired criteria and searches for the significance of these processing parameters in the coupled responses [12] . It is a sequential experimentation strategy to build and optimise an empirical model. Therefore, RSM is a collection of mathematical and statistical procedures which can be used for modelling and analysis the problems where the desired response is affected by several variables. The mathematical model of the desired response to the several independent input variables was gained using the experimental design and applying the regression analysis [13] . The mathematical model obtained from RSM was then used in GA to solve an optimisation problem in order to find the highest strength of the thick plate parts.
Methodology
This study focused on the strength effect based on a specified ranges of parameters set. The tests were conducted using Genetic Algorithm method towards the tensile strength of plastic part which conducted experimentally to obtain an optimal setting of processing parameters and maximum tensile strength. There are a few factors that influence the mechanical strength of plastic product produced from injection moulding process such as shape of product, plastic material, types of material for mould inserts, injection moulding machine, processing parameters, cooling channels design, types of coolant and room temperature [15] .
This study can be divided into three phases which are selection of part design used, simulation the flow of the selected plastic material into mould cavities using Autodesk Moldflow Insight 2012 (AMI) and then experimental works using injection moulding machine and conducting tensile testing using Universal Testing Machine (UTM). Based on the simulation results, the set of parameters as shown in Table 1 had been obtained from Fill, Fill + pack and Cool (FEM) analyses were used to generated two-level full factorial design and will be analysed using Design of Experiment (DOE) to obtain the parameters setting before optimisation. The design of thick plate part with the dimensions of 152 mm x 20 mm x 4 mm and the fabricated mould are shown in Figure 1 and 2, respectively. The thick plate parts were moulded using ABS material using 80 Tonnage injection moulding machine, NEX1000 as shown in Figure 3 . Table 2 shows the technical specifications for the injection moulding machine used in this study. 
Thermoplastic material
ABS material, Poyolac manufactured by Chi Mei Corporation has been used as a thermoplastic material in this study. The properties of plastic and mould material are shown in Table 3 . 
Design of experiment (DOE)
In this study, two-level full factorial designs with four factors was selected as an experimental design using Design Expert 7.0 software. The factorial design was conducted to observe the significant of curvature while the second order model will propose should the curvature is significant. All variable parameters such as mould temperature, melt temperature, packing pressure and packing time are independent factors considered in this study. Table 4 shows the levels for each variable factor. 
Responses surface methodology
The parameters setting in this study was generated using the specified conditions according to the rotatable Centred Composite Design (CCD) in obtaining the maximum strength from the moulded structure. The parameters of the experiment in this study are shown in Table 5 . The curvature is significant, thus the factorial design is augmented to CCD with alpha, α value is 0.05 to an adequate quadratic model of the RSM. The empirical model in this study was obtained using the quadratic model or also known as the secondorder polynomial regression model. The necessary information to construct the response model are generally accumulated by the value obtained from simulation works such as mould temperature ( o C), melt temperature ( o C), packing pressure (MPa) and packing time (s). The factorial portion of CCD is a full factorial design with all combinations of the genes at two levels (high, +1 and lower, -1) and collected of the eight axial points and six central points (coded level 0) which is the midpoint between the high and low points. 
Result and Discussion
Based on the analysis was conducted using Response Surface Methodology (RSM), the results of Analysis of Variance (ANOVA) are shows in Table 6 . It can be seen that, the melt temperature is the most significant factors that affected to the strength of the moulded parts. This result in line with Ozcelik et al. [16] which found that the melt temperature and packing pressure have the greatest effect on the weld line and the tensile strength of the moulded parts. This statement also agreed by Mathiavanan & Parthasaraty [17] which reported that melt temperature and packing pressure is the most influence on the strength of the moulded parts. In addition, Gou et al. [18] also reported that melt temperature has a significant effect on strength of the moulded parts. Cor total 20.27 2 9
Based on the parameter setting generated by DOE in Table 5 , it can be seen that the parameter setting of run number 24 is identical with the parameters setting used in simulation works as shown in Table 1 . The value of the ultimate tensile strength of the run number 24 is 38.4626 MPa as shown in Table 7 . Therefore, the value of tensile strength of run number 24 (before optimization) was used to compare the tensile strength obtained after the optimization took place. In this study, a mathematical model was obtained for the use in the MATLAB software by using Design Expert software and RSM in order to maximise the tensile strength on the moulded parts produced with an optimal setting of processing parameters. recommended values obtained from simulation works using Autodesk Moldflow Indisght (AMI) 2012 as shown in Table 4 . 
Optimisation through Genetic Algorithm
In this study, Genetic Algorithm (GA) method was used to optimise the processing parameters to mould a thick plate parts with the highest tensile strength. The equation (from RSM) was written in MATLAB programming language as shown in Equation 2 based on the Analysis of variance (ANOVA) model to solve the optimisation problem. The maximum strength is defined in the standard optimisation problem format that can be solved by a numerical optimisation algorithm. Standard optimisation problem definition requires an objective function to be minimised or maximised and constraint functions to be satisfied in terms of optimisation parameters. For a thick plate part model, an optimisation problem can be defined as follows:
To find:
A The results in Table 8 shows that the values of the UTS increased from 38.4626 to 39.3063. In other words, the maximum strength on the thick plate parts improved approximately 2.2% after the optimisation using GA method and the iterations of the optimisation history was demonstrated in Figure 4 . 
Conclusion
An efficient optimisation method using GA and RSM was useed to estimate an optimal solution of injection moulding process in order to maximise the strength on the thick plate part. The mathematical model of the strength has been carried out to correlate the dominant of the injection moulding parameters of the mould the thick plate part using ABS material. To obtain the maximum strength, the appropriate process condition parameters were determined based on the significant factor results as shown in Table 4 . Mould temperature, melt temperature, packing pressure and packing time were considered as a variable processing parameters. The anaylses showed that the strength of the thick plate part can improve 2.2% after the optimisation. An optimal solution has been predicted based on a polynomial model created using RSM with CCD. This indicates that an optimisation method used in this study can be employed to improve the strength of the moulded parts required the strength for fuctionality.
